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Abstract A prototype thick-GEM-based cooling storage
ring external-target experiment (CEE) time projection
chamber (TPC) is constructed and tested with the pulsed
ultraviolet laser beams. The results indicate that the pro-
totype TPC has a good performance in three-dimensional
track resolution. In X direction the position resolution is
about 0.2 mm, and in Y direction the position resolution is
about 0.5 mm. The results also determine that the energy
resolution is about 5.4%, which achieve the requirements
of the CEE experiment and can be used to study the nuclear
state equation and the quantum chromo dynamics.
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1 Introduction

Experiments of heavy-ion collisions using high-energy
beams from the Heavy Ion Research Facility at Lanzhou-
Cooling Storage Ring (HIRFL-CSR) [1] provide a signifi-
cant opportunity to study the nuclear equation of state at
high baryon densities [2, 3] and the Quantum Chromo
Dynamics (QCD) phase diagram, especially the possible
existence of critical point [4] and quarkoyanic matter [5, 6].
The HIRFL-CEE spectrometer [7-16] is conceptually
designed to measure the various products of 100 to
800 MeV/u heavy-ion beams hitting on a heavy-ion target.
In the CEE spectrometer, at the center of the homogeneous
magnetic field provided by a large acceptance supercon-
ducting dipole, a time projection chamber (TPC) [17] is
designed to be installed. The task of the TPC is to provide
track reconstruction, particle identification and momentum
measurement of the light charged particles. The sensitive
volume of the TPC is about 90 cm (length) x 100 cm
(width) x 80 cm (height).

Before the construction of the full-scale CEE-TPC, a
small prototype TPC should be constructed and tested to
determine whether the TPC’s performance meets the
experiment’s requirements. The 3D track resolution and
energy loss resolution of charged particles are essential in
the TPC performance. Furthermore, a laser beams cali-
bration system is required for the large volume type of TPC
[18]. This article provides the description of the prototype
CEE-TPC and test results of laser beams.
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2 Detector design

The prototype CEE-TPC is also a cubic shape TPC,
whose sensitive volume is 20 cm (length) x 20 cm
(width) x 22 cm (height). A photo of prototype TPC’s
field cage is shown in left image of Fig. 1, and the photo of
the laser test’s setup is shown in the right image of Fig. 1.
The top panels are one layer thick Gas Electron Multiplier
(GEM) foil and the readout plane, while the bottom panel
is the cathode. The electron drifting field cage lies between
the top panels and the bottom panel. The walls of the field
cage are made of two kinds of layers, gold-plated metal and
insulative plastic. The metal and plastic is arranged at
regular intervals that the width of the gold-plated metal is
6 mm and the width of insulative plastic is 4 mm. In order
to produce step voltage between the metal strips and fill the
cage with an electric field with perfectly uniform intensity,
there is a divider resistor of 20 MQ soldered between
adjacent metal strips. The thickness of the GEM foil
[19-22] is 0.6 mm. The diameter of holes in the GEM foil
is 0.6 mm, and the distance between the holes is 1.1 mm.

Figure 2 shows the working principle of TPC. The
readout panel is divided into several pads and each pad is
connected to one channel of preamplifier. The arrow shows
the incident direction of the laser beam, and there are three
dimensions, X, Y, and Z. The X—Z plane is parallel to the
readout plane, and the Y coordinate is perpendicular to X—
Z plane. There are two types of pads in this prototype. The
size of the rectangle pad is 8 mm (width) x 10 mm
(length). The triangle pad can provide precise position
resolution in the X direction using the charge-weighting
technique.

path in horizontal
plane from pad position

position in vertical

) . 5 .
\3/ A\ direction from drift

time

Fig. 2 (Color online) The working principle
3 Experimental results
3.1 The energy loss and its resolution

The gas mixture of this TPC is composed of 90% argon,
7% methane, and 3% CF4. A pulsed laser beam with
266 nm in wavelength, which imitates straight charged
particle tracks, is used to test the prototype CEE-TPC at
three gas pressure conditions (101, 75, and 50 kPa). First,
the dependence of the energy loss of the laser beam in the
gas on the high voltage applied on the GEM foil is studied.
Figure 3 shows that the energy loss of the laser beam
increases exponentially with the increase of the high volt-
age applied on the GEM foil. This figure helps to choose an
appropriate voltage during the experiment. It is more dif-
ficult to apply high voltage on GEM foil, if the gas pressure

Fig. 1 (Color online) The field cage of prototype TPC (left) and setup of laser test (right)
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Fig. 3 (Color online) The energy loss dependence on the voltage
applied on GEM

is lower, the detector could generate sparks more easily.
However, changing the voltage among the drift cage or the
voltage between the GEM foil and anode panel has a slight
effect on the gain of the GEM foil, because changing the
voltage slightly changes the electric field near the holes of
the GEM foil.

We used a Laser Pyroelectric Energy Sensor to measure
the energy of the laser beam per pulse with a wavelength of
266 nm. Figure 4 shows that there is a linear correlation
between the energy of the laser beam and energy loss
measured on one readout pad. Also the smaller of the gas
pressure, the less the energy loss of laser beam. Since the
instability of the energy of laser beam is about 1.5%, we
can calculate that in most cases, the average energy reso-
lution of prototype CEE-TPC is about 5.4%.

Figure 5 shows the energy loss measured along the laser
beam tracks. The differences of energy loss indicate that
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Fig. 5 (Color online) The energy loss along the beam

the gain of the whole piece of GEM foil is not uniform.
There is a maximum variation of 5%, which affects the
position resolution when using the charge-weighting tech-
nique. Further work should be done to calibrate the gain of
the GEM.

3.2 The drifting velocity of electrons

It is important to know the drifting velocity of electrons
at different gas pressures. We changed the electric-filed
strength at three kinds of gas pressures and used E/P
(electric-field strength per atmosphere pressure) as
abscissa. A linear correlation between drifting velocity and
E/P can be observed from Fig. 6.
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Fig. 4 (Color online) The correlation between energy loss and heat
quantity of laser beam per pulse
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Fig. 6 (Color online) The correlation between drifting velocity and
reduced electric field (E/P)
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Fig. 7 (Color online) The tracks of five laser beams in X-Z plane
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Fig. 8 (Color online) The tracks of two laser beams in Y-Z plane
3.3 The track resolution

Figures 7 and 8 show the different laser beam tracks
measured by the prototype CEE-TPC at one atmosphere.
The position resolution in the X direction for each pad is
about 0.5 mm, and the errors come from energy error.
After a full scan of the gain of the GEM foil, the resolution
is determined to be about 0.2 mm. The position resolution
in the Y direction for each pad is about 0.5 mm, and the
errors come from the errors of drifting time of the
electrons.

4 Conclusion
We have constructed a prototype CEE-TPC with Thick-
GEM-based readout that has the ability to reconstruct

three-dimensional position. The performance of the TPC
detector is studied in details by the test of pulsed ultraviolet
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laser beams. The correlation between energy loss and
GEM’s voltage is exponential relation. The correlation
between drifting velocity and electric-field strength is lin-
ear relation. The energy loss has a linear relation with total
heat quantity. The position resolution in X and Y directions
is about 0.2 mm and 0.5 mm, respectively. The average
energy resolution of prototype CEE-TPC is about 5.4%.
The track resolution and the energy loss resolution of the
TPC achieves the requirement of the CEE experiment.
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